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Abstract. Chrysoeriol is a flavonoid that has diverse biological 
properties, including antioxidation, anti‑inflammation, chemo‑
prevention and immunomodulation. Despite its reported 
anti‑inflammatory activity, the exact underlying molecular 
mechanism has not yet been elucidated. In the current study, 
the anti‑inflammatory mechanism of chrysoeriol involving 
lipopolysaccharide (LPS)‑induced cyclooxygenase‑2 (COX-2) 
and its upstream signaling molecules was investigated in 
RAW 264.7 cells. The mechanism was evaluated via ELISA 
and western blotting assays. Chrysoeriol significantly inhib‑
ited LPS‑induced prostaglandin E2  (PGE2) production and 
COX‑2 expression without cytotoxicity. Activated transcrip‑
tion factors that further induced the inflammation response, 
including nuclear factor (NF)‑κB and activator protein‑1 
(AP‑1), were significantly attenuated by chrysoeriol treat‑
ment. Furthermore, LPS‑induced phosphorylation levels of 
phosphoinositide‑3‑kinase (PI3K)/Akt and mitogen‑activated 
protein kinase (MAPK) were abolished by chrysoeriol treat‑
ment, which was confirmed by selective inhibitors. Additionally, 
chrysoeriol significantly inhibited the LPS‑induced activation 
of adaptor molecules in RAW 264.7 cells, including toll‑like 
receptor  4 (TLR4) and myeloid differentiation primary 
response 88. Therefore, the results suggested that chrysoeriol 
ameliorates TLR4‑mediated inflammatory responses by 
inhibiting NF‑κB and AP‑1 activation as well as suppressing 
PI3K/Akt and MAPK phosphorylation in LPS‑stimulated 
RAW 264.7 cells.

Introduction

Inflammation is a protective mechanism that can counteract 
diverse biological stimuli; however, chronic inflammation can 
play significant roles in the progress of various disorders such 
as cancer, chronic respiratory diseases, heart disorders, and 
diabetes (1,2). Excessively generated inflammatory mediators, 
including nitric oxide (NO), prostaglandin E2  (PGE2), and 
inflammatory cytokines, are involved in the development of 
inflammatory responses (3). Among them, PGE2 can be gener‑
ated by the rate‑limiting enzyme cyclooxygenase-2 (COX‑2) 
from arachidonic acid, which is usually elevated in response 
to inflammatory stimuli such as chemical injury and tumor 
promoters (4). Thus, the arachidonic acid pathway has been 
regarded as one of the hallmarks of chronic inflammation. 
Moreover, the increased production of PGE2 induced by the 
upregulated expression of COX‑2 can be observed in various 
premalignant and malignant tissues  (5). It has also been 
reported that the upregulation of COX‑2 can lead to inhibited 
apoptosis and accelerated malignant cell invasion (6), which 
are reversed by non‑steroidal anti‑inflammatory agents. 
Therefore, inhibitors of COX‑2 expression may be considered 
as promising therapeutics acting as preventive agents against 
cancer and chronic inflammation (7).

Chrysoeriol is a flavone that is found in Flos Lonicerae 
(Lonicera japonica flowers), Tanacetum vulgare, Artemisia 
arborescens, Salix matsudana leaves, Aspalathus linearis, 
and Coronopus didymus (8‑12). Furthermore, chrysoeriol has 
numerous pharmacological properties, such as anti‑inflamma‑
tion, antioxidation, relaxing smooth muscle, reducing obesity, 
and regulating the immune system (8‑14). While a previous 
study has revealed the anti‑inflammatory activity of chrys‑
oeriol in the RAW 264.7 cell line (13), its exact mechanism 
involving COX‑2 inhibition is not fully understood. Therefore, 
the present study aimed to investigate the molecular mecha‑
nisms of chrysoeriol on lipopolysaccharide (LPS)‑induced 
inflammation in the RAW 264.7 cell line.

Materials and methods

Reagents. Dulbecco's modified Eagle's medium (DMEM) 
and fetal bovine serum (FBS) were obtained from Cytiva. 
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Chrysoeriol was purchased from ChromaDex (analytical grade 
verified by HPLC or GC analysis; cat. no. ASB‑00003630‑005) 
and dissolved in dimethyl sulfoxide (DMSO; cat. no. D8418; 
Sigma‑Aldrich). LY294002 (purity: ≥98%; cat. no. L9908), 
SP600125 (purity: ≥98%; cat. no. S5567) and SB202190 (purity: 
≥98%; cat. no. S7067) were obtained from Sigma‑Aldrich; 
Merck KGaA which was applied as selective inhibitor for 
phosphoinositde 3‑kinase (PI3K)/Akt, c‑Jun NH2‑terminal 
kinase (JNK) and p38, respectively.

Cell culture. RAW 264.7 cell line was purchased from 
American Type Culture Collection (cat. no. TIB‑71) and was 
cultured in DMEM supplemented with 10% FBS and 2 mM 
L‑glutamine (Hyclone; Cytiva). Cells were seeded in 100 mm 
dishes (5x106  cells/dish) and preincubated with indicated 
concentrations of chrysoeriol for 2 h and then incubated with 
LPS (1 µg/ml; cat. no. L4516) for 18 h to analyze the expression 
levels of inflammatory mediators (15). To identify transcrip‑
tion factors and upstream signaling molecules, cells were 
treated with the indicated concentrations of chrysoeriol for 2 h 
along with LPS (1 µg/ml) (16). In addition, 20 µM of selective 
inhibitors for PI3K/Akt and mitogen‑activated protein kinases 
(MAPKs), as well as chrysoeriol, were pre‑incubated for 2 h, 
and then incubated with LPS (1 µg/ml) for 18 h to investigate 
which signaling molecules are related to the anti‑inflammatory 
responses (17).

Cell viability. Cell viability was determined by the CellTiter 96 
Aqueous one solution cell proliferation assay (cat. no. G3582; 
Promega). RAW 264.7 cells were seeded in 24‑well plate 
(4x105  cells/well) and incubated with or without various 
concentrations of chrysoeriol for 24 h (15). Then, 50 µl of MTS 
solution was added to 950 µl of DMEM and incubated for 1 h 
at 37˚C, then the absorbance was measured at 490 nm with an 
xMark Microplate Absorbance Spectrophotometer (Bio‑Rad 
Laboratories, Inc.).

PGE2 determination. PGE2 concentration was measured 
using an enzyme‑linked immunosorbent assay (ELISA) kit 
(cat. no. 500141; Cayman Chemical), following the manufac‑
turer's instructions. Briefly, RAW 264.7 cells were seeded in a 
24‑well plate and preincubated with indicated concentrations 
of chrysoeriol for 2 h and then incubated with LPS (1 µg/ml) 
for 18 h to analyze the concentration of PGE2. Briefly, 50 µl of 
supernatant of culture medium and the equal volume of PGE2 
tracer were mixed in the PGE2 ELISA plate and incubated for 
18 h at 4˚C. The wells were rinsed for 5 times with wash buffer. 
Then, 200 µl of Ellman's reagent was added to the well and 
incubated in the dark in order to develop. The absorbance was 
measured at 405 nm with an xMark Microplate Absorbance 
Spectrophotometer (Bio‑Rad Laboratories, Inc.) (18).

Western blot analysis. Antibodies for COX‑2 (1:1,000; cat. 
no. 12282), phospho‑p65 (1:1,000; cat. no. 3033), p65 (1:1,000; 
cat. no. 8242), phospho‑c‑jun (1:1,000; cat. no. 3270), c‑jun 
(1:1,000; cat. no. 9165), phospho‑Akt (1:1,000; cat. no. 4060), 
Akt (1:1,000; cat. no. 4691), phospho‑extracellular signal‑regu‑
lated kinase (ERK; 1:1,000; cat. no. 8544), ERK (1:1,000; 
cat. no. 4695), phospho‑JNK (1:1,000; cat. no. 4668), JNK 
(1:1,000; cat. no. 9252), phospho‑p38 (1:1,000; cat. no. 4511), 

p38 (1:1,000; cat. no. 8690) and actin (1:1,000; cat. no. 4970) 
as well as the horseradish peroxidase (HRP)‑conjugated 
anti‑rabbit IgG (1:1,000; cat. no. 7074) were purchased from 
Cell Signaling Technology. Antibodies against Toll‑like 
receptor  4 (TLR4; 1:500; cat. no.  ab13356) and myeloid 
differentiation primary response 88 (MyD88; 1:500; cat. 
no. ab2064) were obtained from Abcam. RAW 264.7 cells 
were incubated with indicated concentrations of chrysoeriol 
for 2 h and then treated with 1 µg/ml LPS for 18 h. Cells were 
washed with PBS and harvested using M‑PER™ mammalian 
protein extraction reagent (cat. no.  78051; Thermo Fisher 
Scientific, Inc.) for 10 min at room temperature. Cell lysis 
buffer was centrifuged at 13,000 x g for 10 min and the protein 
concentration was determined by Bradford assay. Then, 50 µg 
protein samples were separated on a 10% SDS‑PAGE gel and 
transferred to a PVDF membrane (Bio‑Rad Laboratories, 
Inc.). After transfer, the membrane was blocked with 5% skim 
milk for 2 h at room temperature. Then, each diluted primary 
antibody was incubated with the membranes for overnight 
at 4˚C. After washing the membranes with PBST, they were 
incubated with horseradish peroxidase‑conjugated anti‑rabbit 
IgG secondary antibody for 2 h at room temperature. The 
membrane was developed with ECL substrate solution (Santa 
Cruz Biotechnology, Inc.) and western blotting data were 
quantified using a Gel Doc EQ System (Bio‑Rad Laboratories, 
Inc.).

Statistical analysis. Data are presented as the mean ± SD. 
Statistical analyses were performed using SPSS version 25.0 
(IBM  Corp.). One‑way ANOVA with Tukey's multiple 
comparison test was used to analyze the difference between 
each group. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Chrysoeriol inhibits PGE2 secretion and COX‑2 expression in 
LPS‑treated RAW 264.7 cells. The anti‑inflammatory effect of 
chrysoeriol was investigated in LPS‑stimulated RAW 264.7 
cells. As shown in  Fig.  1A, LPS‑induced PGE2 produc‑
tion was significantly mitigated by chrysoeriol treatment 
in a dose‑dependent manner, without causing cytotoxicity 
(Fig. S1). Moreover, the corresponding enzyme of PGE2 forma‑
tion, COX‑2, was also significantly attenuated by chrysoeriol 
treatment (Fig. 1B).

Chrysoeriol suppresses nuclear factor (NF)‑κB and activator 
protein (AP)‑1 activation in LPS‑treated RAW 264.7 cells. 
Western blot analysis was applied in order to analyze the acti‑
vated status of NF‑κB and AP‑1, and phosphorylation of each 
subunit of both transcription factors p65 and c‑jun was signifi‑
cantly inhibited by chrysoeriol treatment in a dose‑dependent 
manner (Fig. 2). Therefore, chrysoeriol treatment ameliorated 
LPS‑induced inflammatory circumstances in RAW 264.7 
cells.

Chrysoeriol inhibits PI3K and p38 phosphorylation levels via 
TLR4/MyD88 inactivation in LPS‑treated RAW 264.7 cells. 
To identify the upstream signaling molecules that can regulate 
NF‑κB and AP‑1 activation, the phosphorylation of PI3K and 
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MAPK was measured by western blot analysis. Chrysoeriol 
significantly inhibited Akt and p38 phosphorylation, while 
slightly affecting JNK activation (Fig. 3A). Furthermore, ERK 
was not affected by chrysoeriol treatment in RAW 264.7 cells.

A selective inhibitor of each signaling molecule was used 
to assess the role of PI3K and MAPK signaling molecules 
in LPS‑stimulated inflammatory cascades. LY294002 and 
SB202190, selective inhibitors of PI3K and p38, respectively, 
significantly inhibited COX‑2 expression, but SP600125 did 
not affect COX‑2 expression in LPS‑stimulated RAW 264.7 
cells (Fig. 3B). Moreover, COX‑2 expression was most highly 
inhibited when LY294002, SB202190, and SP600125 treat‑
ments were applied together in RAW 264.7 cells.

In addition, the present study also investigated the effect 
of chrysoeriol on TLR4 and MyD88, based on their roles 
as adaptor molecules in the development of NF‑κB, AP‑1, 
PI3K, and MAPKs (14,15) in LPS‑stimulated RAW 264.7 
cells. It was indicated that chrysoeriol mitigated the activa‑
tion of TLR4 and MyD88 in a dose‑dependent manner, in 

accordance with the inhibited NF‑κB, AP‑1, PI3K, and p38 
MAPK expression levels, in LPS‑stimulated RAW 264.7 
cells  (Fig.  4). Collectively, these results suggested that 
inhibited PI3K and p38 MAPK phosphorylation levels via 
TLR4/MyD88 mitigation by chrysoeriol treatment may 
contribute to reducing LPS‑induced NF‑κB and AP‑1 acti‑
vation, resulting in reduced COX‑2 expression and PGE2 
production in RAW 264.7 cells.

Discussion

After the discovery of COX‑2 in 1991, a variety of pharma‑
ceutical candidates were tested to identify their potential uses 
as selective inhibitors of COX‑2 and PG in inflammatory 
lesions (19). A large number of plant‑derived compounds have 
been examined as candidates as a COX‑2 selective inhibitor. 
Among them, chrysoeriol, which is a flavonoid, has numerous 
pharmaceutical properties, including anti‑inflammatory, anti‑
oxidative, and anticarcinogenic activities (8‑13,20). It has been 
reported that the anti‑inflammatory activity of chrysoeriol 
may occur via the inhibition of NO production caused by AP‑1 
blockage in RAW 264.7 cells (13). However, to the best of our 
knowledge, there are no previous studies analyzing chrysoeriol 

Figure 1. Chrysoeriol inhibited PGE2 production and COX‑2 expression in 
LPS‑stimulated RAW 264.7 cells. Cells were pre‑incubated with or without 
the indicated concentrations of chrysoeriol for 2 h, then incubated with LPS 
(1 µg/ml) for 18 h at 37˚C in a humidified atmosphere containing 5% CO2. 
(A) PGE2 production was analyzed by an ELISA assay. (B) Protein expression 
level of COX‑2 was assessed following chrysoeriol treatment. The relative 
induction of COX‑2 expression was quantified by densitometry and actin was 
used as an internal control. Data are presented as the mean ± SD of triplicate 
experiments. Values sharing the same superscript letter were not significantly 
different at P<0.05. PGE2, prostaglandin E2; COX‑2, cyclooxygenase‑2; LPS, 
lipopolysaccharide.

Figure 2. Chrysoeriol inhibited the phosphorylation of transcription factors, 
NF‑κB and AP‑1, in LPS‑stimulated RAW 264.7 cells. Cells were incubated 
with or without LPS (1 µg/ml) and with the indicated concentrations of 
chrysoeriol for 2 h at 37˚C in a humidified atmosphere containing 5% CO2. 
Chrysoeriol treatment inhibited the phosphorylation of NF‑κB and AP‑1 
subunits (p65 and c‑jun) in LPS‑stimulated RAW 264.7 cells. P65 and c‑jun 
phosphorylation was quantified by densitometry and unphosphorylated 
forms of each transcription factor were used as an internal control. Data are 
presented as the mean ± SD of triplicate experiments. Values sharing the 
same superscript letter were not significantly different at P<0.05. NF‑κB, 
nuclear factor‑κB; AP‑1, activator protein‑1; LPS, lipopoly saccharide; 
p, phosphorylated.
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as a COX‑2 inhibitor and identifying its underlying mecha‑
nism in LPS‑induced inflammatory responses. Therefore, 
the present study aimed to investigate the anti‑inflammatory 
mechanism of chrysoeriol, focused on COX‑2 regulation, in 
LPS‑stimulated murine macrophage cells.

Inflammation is a type of defense mechanism occurring in 
the immune system against tissue injuries, infections, or toxic 
materials (21,22). Several pathophysiological disorders, such 
as cancer, arthritis, cardiovascular disease, atherosclerosis, 
and neurodegenerative diseases, may be caused by prolonged 
inflammatory responses when acute inflammation cannot be 
controlled in the early‑stage (23,24). Among various immune 
cells, macrophages play important roles in host defense 
mechanisms via the regulation of NO and PGE2, as well as 
pro‑inflammatory cytokines including tumor necrosis factor 
(TNF)‑α, interleukin (IL)‑6, and IL‑1β (25). LPS, found in 
the outer membrane of some types of Gram‑negative bacteria, 
activates immune responses by interacting with TLR4 associ‑
ated with CD14, which induces phosphorylation of MAPKs 
and subsequently initiates the stimulation of transcription 
factors, including NF‑κB and AP‑1 (26‑29). NF‑κB and AP‑1 
are critical transcription factors that regulate the expression of 
inflammatory mediators such as iNOS and COX‑2. P65 and 
c‑jun, each respective subunits of NF‑κB and AP‑1, are phos‑
phorylated and changed to active forms when inflammatory 
stimuli reach the cells. Then, these subunits translocate into 
the nucleus and bind to the promoter regions of inflammatory 
mediators (30). Therefore, the downregulation of inflamma‑
tory mediators as well as inflammatory signaling molecules is 
one of the major targets for ameliorating inflammation and its 
associated various disorders. In RAW 264.7 cells, LPS induced 

Figure 3. Chrysoeriol inhibited the phosphorylation of Akt and p38, which 
was confirmed by selective inhibitors in LPS‑stimulated RAW 264.7 cells. 
Cells were incubated with or without LPS (1 µg/ml) and with the indicated 
concentrations of chrysoeriol for 2 h at 37˚C in a humidified atmosphere 
containing 5% CO2. (A) Protein expression levels of p‑Akt, p‑ERK, p‑JNK, 
and p‑p38 were assessed following chrysoeriol treatment. Unphosphorylated 
forms of signaling molecules and actin were used as internal controls. Akt, 
ERK, JNK and p38 phosphorylation was quantified by densitometry and 
unphosphorylated forms of each signaling molecule were used as an internal 
control. (B) A selective inhibitor of each signaling molecule was applied to 
RAW 264.7 cells. The relative inhibition of COX‑2 was quantified by densi‑
tometry and actin was used as an internal control. Data are presented as the 
mean ± SD of triplicate experiments. Values sharing the same superscript 
letter were not significantly different at P<0.05. LPS, lipopolysaccharide; 
p, phosphorylated; ERK, extracellular signal‑regulated kinase; JNK, c‑Jun 
NH2‑terminal kinase; COX‑2, cyclooxygenase‑2.

Figure 4. Chrysoeriol inhibited the activation of each adaptor molecule (TLR4 
and MyD88) in LPS stimulated RAW 264.7 cells. Cells were incubated with 
or without LPS (1 µg/ml) and with the indicated concentrations of chrysoeriol 
for 2 h at 37˚C in a humidified atmosphere containing 5% CO2. TLR4 and 
MyD88 protein expressions was quantified via densitometry and actin was 
used as an internal control. Data are presented as the mean ± SD of triplicate 
experiments. Values sharing the same superscript letter were not significantly 
different at P<0.05. TLR4, toll like receptor 4; MyD88, myeloid differentiation 
primary response 88; LPS, lipopolysaccharide; COX‑2, cyclooxygenase‑2.
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PGE2 overproduction and upregulation of its corresponding 
enzyme, COX‑2, and this was significantly ameliorated by 
chrysoeriol treatment in a dose‑dependent manner without 
cytotoxicity (Fig. 1A and B). Along with the effect on inflam‑
matory signaling cascades, activation of NF‑κB and AP‑1 
is highly associated with the upregulation of inflammatory 
mediators, including iNOS and COX‑2. Previous studies have 
also reported that both transcription factors NF‑κB and AP‑1 
are critical regulators of inflammatory signaling pathways (30). 
NF‑κB ubiquitously exists in the cytoplasm and consists of 
p50 and p65 subunits bound to IκBα, while AP‑1 resides as 
homo‑ or heterodimers with the c‑jun and c‑fos families (30). 
In response to LPS stimulation, NF‑κB and AP‑1 become active 
forms via phosphorylated IκBα, resulting in release from the 
NF‑κB dimer and c‑jun phosphorylation, respectively (30). In 
this study as shown in Fig. 2, the phosphorylated status of p65 
and c‑jun, each subunit of NF‑κB and AP‑1, was measured by 
western blot analysis, which was the phosphorylation of both 
transcription factors was significantly inhibited by chrysoeriol 
treatment in a dose‑dependent manner. Moreover, activated 
MAPKs or PI3K/Akt can lead to a series of inflammatory 
signaling cascades via the regulation of NF‑κB and AP‑1 activa‑
tion (31). As shown in Fig. 3A and B, chrysoeriol significantly 
inhibited PI3K/Akt and p38 phosphorylation levels, as well as 
slightly mitigated JNK activation, while ERK was not affected. 
In addition, selective inhibitors were applied to confirm the 
role of signaling molecules in LPS‑stimulated inflammatory 
cascades. Each selective inhibitor of PI3K and p38 significantly 
attenuated COX‑2 expression while JNK did not give any effect 
on COX‑2 expression in this experiment. Cotreatment of selec‑
tive inhibitors of these signaling molecules was the most potent 
inhibitory effect in LPS stimulated RAW 264.7 cells.

TLRs are a growing family of pattern recognition 
receptors (PRRs) which can stimulate innate immunity and 
inflammatory responses upon the interaction with numerous 
pathogen‑associated molecular patterns including bacterial 
LPS, viral RNA, and flagellin (32). As a ligand for TLR4, 
LPS can bind to the extracellular domain of TLR4 and 
form intracellular adaptor molecules including MyD88 and 
Toll‑interleukin 1 receptor domain‑containing adaptor protein 
(TIRAP) (17,32,33). Accelerated production of MyD88 can 
lead to the activation of NF‑κB, AP‑1, PI3K/Akt, and MAPKs 
and the production of inflammatory mediators  (17,33). As 
shown in Fig. 4, chrysoeriol attenuated dose‑dependently LPS 
initiated TLR4 and MyD88 activation in accordance with the 
inhibited NF‑κB, AP‑1, PI3K/Akt, and p38 MAPK expression 
levels, in LPS‑stimulated RAW 264.7 cells.

In conclusion, the present results suggest that chrysoeriol 
signigicantly ameliorates LPS induced PGE2 production and 
COX‑2 expression through the regulation of TLR4 and MyD88 
mediated NF‑κB, AP‑1, PI3K/Akt, and MAPKs in RAW 264.7 
cells.
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